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(54) Radiation image read-out method and apparatus 

(57) A method and apparatus for reading a radiation 
Image that has been stored in a photostimulable phos- 
phor screen comprising a divalent europium activated 
cesium halide phosphor wherein the halide Is at least 
one of chloride and bromide. The screen Is scanned by 
a laser spot having a diameter which Is less than 1 00 
micrometer. 
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Description 

FIELD OF THE INVENTION 

[0001] The present Invention relates to a method 
and a system for reading a radiation Image that has 
been stored In a photostlmulable phosphor screen. 

BACKGROUND OF THE INVENTION 

[0002] Radiation image recording systems wherein 
a radiation Image Is recorded on a photostlmulable 
phosphor screen by exposing the screen to Image-wise 
modulated penetrating radiation are widely used nowa- 
days. 

[0003] The recorded image is reproduced by stimu- 
lating the exposed photostlmulable phosphor screen by 
means of stimulating radiation and by detecting the light 
that Is emitted by the phosphor screen upon stimulation 
and converting the detected light Into an electrical sig- 
nal representation of the radiation Image. 
[0004] In several applications e.g. in mammogra- 
phy, sharpness of the Image is a very critical parameter. 
Sharpness of an image that has been read out of a pho- 
tostlmulable phosphor screen depends not only on the 
sharpness and resolution of the screen itself but also on 
the resolution obtained by the read out system which Is 
used. 

[0005] In conventional read out systems used now- 
adays a scanning unit of the flying spot type is com- 
monly used. Such a scanning unit comprises a source 
of stimulating radiation, e.g. a laser light source, means 
for deflecting light emitted by the laser so as to form a 
scanning line on the photostlmulable phosphor screen 
and optical means for focussing the laser beam onto the 
screen. 

[0006] Examples of such systems are the Agfa 
Diagnostic Systems, denominated by the trade name 
ADC 70 and Agfa Compact In these systems photo- 
stlmulable phosphor screens are commonly used which 
comprise a BaFBnEu phosphor. 
[0007] The resolution of the read out apparatus is 
mainly determined by the spot size of the laser beam. 
This spot size in its turn depends on the characteristics 
of the optical light focussing arrangement 
[0008] It has been recognised that optimizing the 
resolution of a scanning system may result In loss of 
optical collection efficiency of the focussing optics. As a 
consequence an Important fraction of the laser light is 
not focussed onto the Image screen. 
A severe prejudice exists against the use of systems 
having an optical collection efficiency of the focussing 
optics which is less than 50% because these systems 
were expected not to deliver an adequate amount of 
power to the screen in order to read out this screen to a 
sufficient extent within an acceptable scanning time. 
[0009] For example in the case of a BaFBr: Eu 
phosphor a minimal power value of 15 mW on the 



screen is required to read the image to a sufficient 
extent within a reasonable time. 
Even when all the light emitted by the laser would be 
captured by the focussing optics, the optical collection 

5 efficiency would still not be higher than 50% because of 
reflections at the optical elements and because of 
fosses at mirrors that are used in the system. 
Applying a scanning system that only captures 50% or 
less of the laser light reduces the collection efficiency to 

w 25% and hence would require the use of a laser which 
is stronger than 60 mW. 

This requirement needs to be complemented by the 
requirement to have a small emitting area. 
[0010] Both requirements are hard to solve by 
is means of an inexpensive solution. 

OBJECTS OF THE INVENTION 

[001 1] It is an object of the present invention to pro- 
20 vide a method and a system for reading a radiation 
image that has been stored In a photostlmulable phos- 
phor screen. 

[0012] It is a further object of the Invention to pro- 
vide such a method and system that yields a high 
ss sharpness. 

SUMMARY OF THE INVENTION 

[0013] The above mentioned objects are realised 

so by a method according to claim 1 . 

[001 4] Another aspect of the Invention relates to an 
apparatus as set out in claim 6. 
[001 5] Specific features for preferred embodiments 
of the invention are set out In the dependent claims. 

35 [0016] According to the present invention a screen 
comprising a divalent europium activated cesium hallde 
phosphor wherein said hallde is at least one of chloride 
and bromide is used. The laser beam which Is used to 
stimulate the screen Is focussed so thatthe spot dlame- 

40 ter of the laser spot emitted by that laser, measured 
between 1/e 2 points of the gausslan profile of the laser 
beam, Is smaller than 100 micrometer, preferably even 
smaller than 50 micrometer. 

[0017] The present Invention provides a solution to 
45 the prior art problems described in the introductory part 
of the present Invention. 

[0018] The use of the divalent europium activated 
cesium hallde phosphor allows the use of focussing 
optics with a low collection efficiency. 
so [0019] In this way the scanning unit can be opti- 
mized with regard to small laser spot size on the phos- 
phor screen so that a high resolution system is 
obtained. 

Because the divalent europium activated cesium hallde 
ss phosphor inherently has a very good optical stlmulablil- 
ity, occasional loss of optical efficiency which originates 
from the measures taken to obtain a small laser spot 
size, becomes acceptable. The occasional loss of optl- 
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cal efficiency does not deteriorate the overaJlTTOge *~ 
quality obtained in the radiation image read out system, 
nor does it have a negative effect on the overall through- 
put of the system. 

[0020] The photostimulable phosphor screen s 
applied In the present invention comprises a divalent 
europium activated cesium halide phosphor wherein 
said halide is at least one of chloride and bromide. 
[0021] Such a phosphor is known in the art and has 
for example been disclosed in EP-A-174 875 (and US 
5,028,509). The phosphor is especially well suited for 
manufacturing 'binderless' phosphor screens. Binder- 
less phosphor screens provide optimal sharpness. 
[0022] It is advantageous however to use a CsX: Eu 
phosphor wherein X represents a halide selected from 
the group consisting of Br and CI, which ts obtained by 
the following method: - mixing CsX with between 1 0" 3 
and 5 mol % of a Europium compound selected from the 
group consisting of EuX' 2 , EuX' 3 and EuOX\ X* being a 
member selected from the group consisting of F, CI, Br 
and I, 

- firing the mixture at a temperature above 450 °C 

- cooling said mixture and 

- recovering the CsX:Eu phosphor. 

[0023] A phosphor that has been obtained as a 
result of the above method of preparation has an 
Increased conversion efficiency compared to the state 
of the art divalent europium activated cesium halide 
phosphor. The phosphor can be stimulated by means of 
a lower amount of stimulating light energy. 
[0024] A photostimulable phosphor screen using 
such a phosphor is preferably obtained by the method of 

- preparing said CsX:Eu phosphor by firing a mixture 
of said CsX with between 10-3 and 5 mol % of an 
Europium compound selected from the group con- 
sisting of EuX' 2 , EuX'3 and EuOX', X' being a halide 
selected from the group consisting of F, CI, Br and I 
and 

- applying said phosphor on a substrate by a method 
selected from the group consisting of physical 
vapor deposition, thermal vapor deposition, chemi- 
cal vapor deposition, radio frequency deposition 
and pulsed laser deposition. 

[0025] This method of preparation Is advantageous 
because It allows to deposit the phosphor in the form of 
needle-shaped crystals. These needle-shaped phos- 
phor crystals act as light guides so that they reduce the 
lateral spreading of light in the phosphor layer. Reduced 
lateral fight spread leads to Images of higher resolution. 
[0026] Alternatively a phosphor screen containing a 
CsX:Eu stlmulable phosphor, wherein X represents a 
halide selected from the group consisting of Br and CI 
can also be manufactured by performing the steps of : 



bringing multiple containers of said cSJTanJlan 4 
Europium compound selected from the group con- 
sisting of EuX' 2 , EuX 3 and EuOX\ X' being a halide 
selected from the group consisting of F, CI, Br and I 
in condition for vapor deposition and 
depositing, by a method selected from the group 
consisting of physical vapor deposition, thermal 
vapor deposition,, chemical vapor deposition, elec- 
tron beam deposition, radio frequency deposition 
and pulsed laser deposition, both said CsX and 
said Europium compound on a substrate in such a 
ratio that on said substrate a CsX phosphor, doped 
with between 10' 3 and 5 mol % of an Europium 
compound, is formed. 

[0027] This method of preparation is advantageous 
because it likewise allows to deposit the phosphor In the 
form of needle-shaped crystals. These needle-shaped 
phosphor crystals act as light guides so that they 
reduce the lateral spreading of light In the phosphor 
layer. Reduced lateral light spread leads to Images of 
higher resolution. 

[0028] The above phosphors and screen prepara- 
tion methods have been described In the following US 
provisional applications which are Incorporated by refer- 
ence into the present application: 60/159,004 and 
60/142,276. 

[0029] Further advantages and embodiments of the 
present invention will become apparent from the follow- 
ing description and drawings. 

Brief description of the drawings 

[0030] 

Fig. 1 1llustrates the set up of a scanning system, 
Fig. 2 Is an illustration of the Image and object dis- 
tance b and v, 

Fig. 3 Is an illustration of an apparatus according to 
the present Invention. 

Detailed description 

[0031] The performance of a system is commonly 
indicated by means of the SWR value. An SWR value 
Indicates the attenuation of a square wave by the sys- 
tem. The amplitude of a very low frequency (0.025 line 
pairs per mm) (Ip/mm) Is taken as 1 00% reference point. 
[0032] Most digital systems based on a photostimu- 
lable phosphor such as BaFBr: Eu lead to an SWR value 
of 0,15 to 0.20 for 3 line pairs per mm (Ip/mm). 
Even in case of a very thin, high resolution screen an 
SWR value of not more than 0.25 Is obtained at 3 
Ip/mm, 

[0033] For application of a system in the field of 
mammography the SWR should be of the order of 0.5 at 
3 l£/rnm. 

[0034] These SWR values can only be obtained if 
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Ttfie^aseT"^ to a very small value, typi- 

cally in the order of 50 micrometer or smaller. (The 
diameter is measured between the 1/e 2 points of the 
Gaussian profile of the laser beam). 
[0035] Hereinafter the fact that a prejudice exists s 
against decreasing the spot diameter of the laser spot to 
a large extent because such a decrease inherently 
brings forth a decrease of the laser power at the location 
where the laser spot scans the photostlmulable phos- 
phor screen, is explained. Such a decrease of the laser to 
power might result in the need for increasing the scan 
time which has a negative influence on the throughput 
of the system or might result in an insufficient release of 
the energy stored in the photostimulable phosphor 
screen. 1S 
[0036] This fact Is explained with reference to a 
conventional flying spot scanning system wherein a 
laser diode is used as a light source for stimulating a 
BaFBnEu fosfor screen (prior art system). The laser 
beam Is deflected by means of a mirror galvanometer or so 
a rotating polygon mirror. 

[0037] Focussing a laser beam to a small diameter 
is easy In case the focussed spot is stationary and in 
case it ls not used for scanning and in case the distance 
from the focussing lens to the focus Is small. 25 
[0038] In a flying spot scanner however, the beam is 
deflected along a distance of typically 400 mm (length of 
a scan line). A mirror galvanometer or a rotating poly- 
gon mirror is used to deflect the beam In the direction of 
the scan line. The scanning beam can be deflected 30 
within an angle from ca. -20 0 to + 20 0 (This angje will 
be referred to as the angle 6). 
For this reason the length of the scanline Ls is deter- 
mined by the distance from the galvanometer to the 
photostlmulable phosphor screen (distance b)and the 35 
angle e. 

[0039] The following formulae apply (see also fig- 
ure 1 ). 

Ls<2*d*fg(26) 40 
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account Using the formulae of dalwicaTopBcs the optN" 
ca! collection efficiency of the fbccussing set up and the 
maximum allowed emitting area can be calculated In 
function of the optical parameters of the used lenses. 
[0043] In the case a single lens Is used to focus the 
following formulas can be used. 
[0044] The relation between the laser emitting area 
(Le) and the spotstze in focus (Lf) is given by the equa- 
tion: 

/ v* b 



and 

Le * Lf*£ 

D 



[0045] In the practical situation b Is larger than 600 
mm (see higher). 

[0046] The optical transmlsion is determined by the 
diameter of the lens and the divergence of the laser. 
[0047] When considering a system wherein a diode 
laser is used the fact that these diode lasers are nor- 
mally astigmatic showing divergences of 10 0 and 30 0 
has to be taken into consideration. 
[0048] Lenses are normally limited to a diameter of 
ca. 30 mm in order to obtain a good modulation transfer 
function (MTF). To collect all the light in an angle of 30° 
within a lens of 30 mm the maximum distance V is 
15/(tg 30°) or 26 mm. 

[0049] Lf Is already determined by the maximum 
diameter of SOjim. 

[0050] The maximum emitting area can be calcu- 
lated as: 

0 



or 



b> 



Ls 



2*fp(29) 



[0040] To obtain a scan line w'rth a length of 400 
mm, the distance to the screen must be larger than ca. 
550 mm. 

[0041 ] In practice a minimum distance of 600 mm Is 
needed between the focussing iens and the photostim- 
ulable phosphor screen. 

[0042] Furthermore the fact that the taserbeam Is 
focussed by means of a lens has to be taken into 
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[0051] This Is below the limit of what can be 
reached with single diode lasers. Mostly the emitting 
area is not smaller than 3um. 
[0052] Calculating the spot size of the focussed 
laser beam in this way only takes Into account the rules 
of the classical optics. In practice the spot size will be 
larger as calculated by this way because the beam is 
diffraction limited. 

[0053] In practice it is good that the spot size is 
determined by the diffraction limited gausslan laws and 
not by the magnification calculated with the classical 
lens formula. This is only possible when the spotslze 
calculated with the lens formula is smaller to a large 
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extent than the spotsize calculated with the theory for 
the diffraction limited gaussian beam. This means that 
Lf should be as low as possible and preferably below 
20um 

[0054] Because 

Le=Lf*\ 



Lf=Le** 
v 



[0055] Since Le is limited to 3 um and b is limited to 
600 mm, the only possibility to obtain a small Lf value is 
to Increase v. 

[0056] To reach a theoretical spot size of 20 
micrometer, the distance v between the lens and the 
laser should be at least 90 mm as Is shown by the fol- 
lowing equations. 



V=^r*600 

20 



V =90/77/77 

[0057] However, at a distance of at least 90 mm 
quite a lot of light Is lost and the optical efficiency is low. 
[0058] The optical efficiency will be calculated 
assuming a divergence of 1 0 0 In one direction and 30 ° 
tn the other direction. 

[0059] The diameter of the laser beam at the posi- 
tion of the lens is 2 * 90 * tg(10°) = 32.7 for one direction 
and 2 * 80 * tg(30°) = 104 mm for the other direction. 
For a lens with a diameter of 30mm, losses will be 
30/32.7 = 92% of the laser light In one direction and 
30/1 04 = 29 % in the other direction. 
The optical efficiency of the described set up is then 
0.29 * 0.92 = 26%. 

[0060] Due to reflections at the surface of the 
lenses and mirrors another 50 % of the light is lost The 
resulting optical efficiency Is therefore 26% * 0.5 = 13%. 
In order to obtain 15 mW at the photostimulable phos- 
phor screen In the described set up the laser should 
have an emitting power of 15/0.13 = 115 mW. 
[0061] Laser diodes of emitting such an amount of 
power cannot be easily obtained at reasonable cost 
[0062] In case a BaFBrEu phosphor is used, and 
therefore no extra losses of optical efficiency are 
allowed, the minimal spotsize which can be accepted 
can be calculated by 

Le = Lf * (v/b) 
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[0063] Le is limited to 3 um (smallest available emit- 
ting area of a diode laser), b equals 600 mm (smallest 
distance between lens and phosphor screen which 
allows deflection of the laser spot along a scan line of a 
length of 400 mm), v equals 26 mm (smallest distance 
between laser and lens to collect all the light of the 
laser). 

[0064] The minimum theoretical value of Lf Is equal 
to 3*600/26 = 69.2 um. 

In practice the spot size wilt be a little larger because of 
the non Ideal behaviour of the optics (e.g. gaussian 
abe ration of the lens and limited flatness of the deflec- 
tion mirror). 

The spotsize will also be larger because of the diffrac- 
tion gaussian limiting effects. 
Taking all these effects into account will result in a mini- 
mum spotsize of 100 micrometer In case a BaFBrEu 
phosphor would have been used. 
[0065] tn accordance with the present invention a 
stimulable phosphor screen comprising a divalent euro- 
pium activated cesium hallde phosphor wherein said 
hallde is at least one of chloride and bromide, Is used. 
Most preferably a needle shaped divalent cesium hallde 
phosphor as described higher Is used. This needle 
shaped phosphor has as an Intrinsic SWR value of 0.6 
to 0.65 at 3 line pairs per mm. This Implies that the SWR 
value of the read out apparatus should be approxi- 
mately 0.7 for 3 Itnepalrs per mm, or 0.5 for 5 line pairs 
per mm. 

[0066] Such SWR values can be obtained if the 
laser beam Is focussed down to 50 um. (This diameter 
being measured between the 1/e 2 points of the gaus- 
sian profile of the laser beam). 

Measurements: 

[0067] To determine the minimum laser power 
needed tn the read out apparatus, the parameter Se Is 
defined as the amount of laser energy needed to 
release 63 % of the stored energy as emission light 
within an area of 1 mm 2 . 
[0068] The laser power needed is given by : 

PI=$e*AreaJP/T 

[0069] Where PI is the laser Power , Area J P repre- 
sents the total area of the image plate to be read out 
and T represents the total amount of time required to 
read out the photostimulable phosphor screen. 
[0070] The laser power PI is proportional with Se. 
[0071] For a BaFBrEu phosphor the value for 
Se=17uJ/mm 2 . For a CsBr:Eu accordina to the 
present invention the value for Se = 6 u.J/mm 
[0072] The laser power required at the surface of 
the phosphor screen in case of a Cs6r:Eu phosphor Is 
thus 6/17 of the laser power required In case of a 
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^aFBfTECrphcfephorrrrdfder'to attain a comparable - 
result. 

[0073] Whereas in case of a BaFBr:Eu phosphor a 
power of 15 mW was required on the screen, in case of 
a CsBr:Eu phosphor only about 5 mW is required on the s 
screen. 

[0074] Experiments have proven that even with 2 
mW (power value on the screen) read out of a screen 
within an acceptable amount of time can be obtained, 
[0075] The use of this phosphor thus allows to use w 
of a low power laser and a small laser spot size (result- 
ing In enhanced resolution) even if this optimization 
leads to low optical efficiency. 

[0076] The use of this phosphor furthermore allows 
to work with an object distance which is smaller than 30 is 
mm (e.g. 26 mm, see higher). 

[0077] An embodiment of an apparatus according 
to the present Invention has been shown in figure 3. 
[0078] The read out unit comprises a source of 
stimulating radiation (5), more particulary a diode laser so 
of the following type SDL-7601-V1 of Spectra Diode 
Labs. The laser emits at 680 rm and has an optical 
power of 10mW. The emitting dimensions are 3u.m x 
1jim. 

[0079] The unit further comprises a lens system 2S 
(1 1), an oscillating mirror (1 2) for deflecting tight emitted 
by the stimulating laser source onto the photostimulable 
phosphor screen (7) into the scan direction, a light guide 
(8) for guiding light emitted by the photostimutable phos- 
phor screen upon stimulation onto a photomultiplier (9). so 
[0080] The read out unit further comprises means 
tor transporting (not shown) the photostimulable phos- 
phor screen Into the sub-scan direction indicated by 
arrow (1 0). 

[0081] The lens system is arranged so that the 35 
object distance Is 90mm and the image distance Is 600 
mm. 

Claims 

40 

1. A method for reading a radiation image that has 
been stored in a photostimulable phosphor screen 
comprising the steps of 

scanning said screen by means of stimulating <s 

radiation emitted by a laser source, 

detecting light emitted by said screen upon 

stimulation, 

- converting detected light into an electrical sig- 
nal representation of said radiation image, so 
wherein 

said photostimulable phosphor screen com- 
prises a divalent europium activated cesium 
halide phosphor wherein said halide is at least 
one of chloride and bromide and 55 

- said laser beam is focussed so that the spot 
diameter of the laser spot emitted by said laser, 
measured between 1/e 2 points of the gaussian 



profile of said laser beam is smaller than 100 - 
micrometer, 

2. A method according to claim 1 wherein said spot 
diameter is smaller than 50 micrometer. 

3. A method according to claim 1 wherein said a phos- 
phor is obtainable by the following steps: 

- mixing CsX with between 1 0-3 and 5 mol % of 
a Europium compound selected from the group 
consisting of EuX'2, EuX'3 and EuOX\ X' being 
a member selected from the group consisting 
of F.CI, Brand l, 

firing the mixture at a temperature above 450 
°C 

cooling said mixture and 
recovering the CsX;Eu phosphor. 

4. A method according to claim 1 wherein said phos- 
phor screen is obtained by the steps of 

preparing said CsX:Eu phosphor by firing a' 
mixture of said CsX with between 10-3 and 5 
mol % of an Europium compound selected 
from the group consisting of EuX'2, EuX'3 and 
EuOX 1 , X* being a halide selected from the 
group consisting of F, C! t Br and 1 and 
applying said phosphor on a substrate by a 
method selected from the group consisting of 
physical vapour deposition, thermal vapour 
deposition, chemical vapour deposition, radio 
frequency deposition and pulsed laser deposi- 
tion. 

5. A method according to daim 1 wherein said phos- 
phor screen is obtained by the steps of 

- bringing multiple containers of said CsX and an 
Europium compound selected from the group 
consisting of EuX'2, EuX*3 and EuOX", X' being 
a halide selected from the group consisting of 
F, CI, Br and I In condition for vapour deposition 
and 

- depositing, by a method selected from the 
group consisting of physical vapour deposition, 
thermal vapour deposition, chemical vapour 
deposition, electron beam deposition, radio fre- 
quency deposition and pulsed laser deposition, 
both said CsX and said Europium compound 
on a substrate in such a ratio that on said sub- 
strate a CsX phosphor, doped with between 
1 0-3 and 5 mol % of an Europium compound, Is 
formed. 

6. A radiation image read out apparatus for reading a 
radiation Image that has been stored in a photo- 
stimulable phosphor screen comprising 
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a source of stimulating radiation, 

- means for focussing the light emitted by said 
source of stimulating radiation, 

- means for deflecting light emitted by said 
source of stimulating radiation, s 

- means for detecting light emitted by said 
screen upon stimulation and for converting said 
light emitted upon stimulation into an electric 
signal representation, wherein 

said phosphor screen comprises a divalent w 
europium activated cesium halide phosphor 
wherein said halide is at least one of chloride 
and bromide, and 

- said means for focussing the light emitted by 
the source of stimulating radiation are arranged 15 
so that the spot diameter of the light beam 
emitted by source of stimulating radiation 
measured between 1/e 2 points of the gausslan 
profile of said light beam Is smaller than 100 
micrometer. ^ 

7. A radiation Image read out apparatus according to 
claim 6 wherein said said means for focussing the 
light emitted by the source of stimulating radiation 

are arranged so that the spot diameter of the light 2S 
beam emitted by source of stimulating radiation 
measured between 1/e 2 points of the gausslan pro- 
file of said light beam is smaller than 50 micrometer. 

8. A radiation Image read out apparatus according to so 
claim 6 wherein said means for focussing the light 
emitted by the source of stimulating radiation com- 
prises a lens system which is arranged so that the 
object distance is smaller than 30 mm. 

35 

9. A radiation image read out apparatus according to 
claim 6 arranged to have an optical power of the 
light emitted by said stimulating light source at the 
location of the screen which is lower than 5 mW. 
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